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Abstract

Background: eHealth can revolutionize the way self-management support is offered to chronically-ill individuals such as those
with a cardiovascular disease (CVD). However, the patients’ fluctuating motivation to actually perform self-management is an
important factor to account for. Tailoring and personalizing eHealth to fit with the values of individuals promises to be an
effective motivational strategy. There is already empirical knowledge about the values of importance for patients with a CVD,
and there are also numerous examples of eHealth technologies. Nevertheless, how specific eHealth technologies and design
features could potentially contribute to values of individuals with a CVD has not been explicitly studied before.

Objective: The present study seeks to connect a set of empirically-validated health related values of individuals with a CVD
with existing eHealth technologies and their design features. The study searches for potential connections between design
features and values with the goal to advance knowledge about how eHealth technologies can actually be more meaningful and
motivating for end users.

Methods: Undertaking a technical investigation that fits with the value sensitive design framework, a content analysis of existing
eHealth technologies was conducted. Eleven empirically-validated values of CVD patients were matched to 70 design features
from 10 eHealth technologies that were previously identified in a systematic review. The analysis consisted mainly of a
deductive coding stage performed independently by three members of the study team. In addition, researchers and developers of
6 out of the 10 reviewed technologies were contacted and provided input about potential feature-value connections.

Results: In total, 98 connections were made between eHealth design features and patient values. This meant that some design
features could contribute to multiple values. Importantly, some values were more often addressed than others. CVD patients’
values most often addressed were related to 1) having or maintaining a healthy lifestyle, 2) having an overview of personal health
data, 3) having reliable information and advice, 4) having extrinsic motivators to accomplish goals or health-related activities,
and 5) receiving personalized care. In contrast, values that were less often addressed concerned 6) perceiving low thresholds to
access health care, 7) receiving social support, 8) preserving a sense of autonomy over life, and 9) not feeling fear, anxiety, or
insecurity about health. Lastly, two largely unaddressed values were related to 10) having confidence and self-efficacy in the
treatment or ability to achieve goals and 11) desiring to be seen as a person rather than a patient.

Conclusions: Positively, existing eHealth technologies could be connected to CVD patients’ values, largely through design
features that relate to educational support, self-monitoring support, behavior change support, feedback, and motivational
incentives. Other design features such as reminders, prompts or cues, peer-based and expert-based human support, and general
system personalization were also connected to values but in more narrow ways. The present study advanced knowledge about the
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potential of value sensitive eHealth technologies and design features. In future studies, the inferred feature-value connections
must be validated with empirical data, which could contribute to formal theories that explain how eHealth can support the values
of individuals with a CVD or similar chronic conditions.
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Abstract
Background: eHealth can revolutionize the way self-management support is offered to chronically-
ill individuals such as those with a cardiovascular disease (CVD). However, the patients’ fluctuating
motivation to actually perform self-management is an important factor to account for. Tailoring and
personalizing eHealth to fit with the values of individuals promises to be an effective motivational
strategy. There is already empirical knowledge about the values of importance for patients with a
CVD, and there are also numerous examples of eHealth technologies. Nevertheless, how specific
eHealth technologies and design features could potentially contribute to values of individuals with a
CVD has not been explicitly studied before.
Objective: The present study seeks to connect a set of empirically-validated health related values of
individuals  with a CVD with existing eHealth technologies and their  design features.  The study
searches  for  potential  connections  between design features  and values  with the  goal  to  advance
knowledge about how eHealth technologies can actually be more meaningful and motivating for end
users.
Methods: Undertaking a technical investigation that fits with the value sensitive design framework,
a  content  analysis  of  existing  eHealth  technologies  was  conducted.  Eleven empirically-validated
values of CVD patients were matched to 70 design features from 10 eHealth technologies that were
previously identified in a systematic review. The analysis consisted mainly of a deductive coding
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stage performed independently by three members of the study team. In addition, researchers and
developers  of  6  out  of  the  10  reviewed  technologies  were  contacted  and  provided  input  about
potential feature-value connections.
Results: In total, 98 connections were made between eHealth design features and patient values.
This meant that some design features could contribute to multiple values. Importantly, some values
were more often addressed than others. CVD patients’ values most often addressed were related to 1)
having or maintaining a healthy lifestyle, 2) having an overview of personal health data, 3) having
reliable information and advice, 4) having extrinsic motivators to accomplish goals or health-related
activities,  and 5)  receiving  personalized  care.  In  contrast,  values  that  were  less  often  addressed
concerned  6)  perceiving  low  thresholds  to  access  health  care,  7)  receiving  social  support,  8)
preserving a sense of autonomy over life, and 9) not feeling fear, anxiety, or insecurity about health.
Lastly, two largely unaddressed values were related to 10) having confidence and self-efficacy in the
treatment or ability to achieve goals and 11) desiring to be seen as a person rather than a patient.
Conclusions: Positively, existing eHealth technologies could be connected to CVD patients’ values,
largely through design features that relate to educational support, self-monitoring support, behavior
change support,  feedback,  and motivational  incentives.  Other  design features  such as  reminders,
prompts or cues, peer-based and expert-based human support, and general system personalization
were also connected to values but in more narrow ways. The present study advanced knowledge
about the potential of value sensitive eHealth technologies and design features. In future studies, the
inferred feature-value connections must be validated with empirical data, which could contribute to
formal theories that explain how eHealth can support the values of individuals with a CVD or similar
chronic conditions.
Keywords: eHealth;  self-management;  self-care;  cardiovascular  diseases;  value  sensitive  design;
values; content analysis

Introduction

The Promise of eHealth for Self-Management Support

Self-management  can  be  broadly  defined  as  an  individual’s  ability  to  manage  the  symptoms,
treatment, physical and psychosocial consequences, and lifestyle changes inherent in living with a
chronic  illness  [1].  In  2005,  the  influential  psychologist  Albert  Bandura  characterized  self-
management as ‘good medicine’, and went even further, stating that ‘if the huge benefits of these few
habits were put into a pill, it would be declared a scientific milestone in the field of medicine’ [2] (p.
245). What is certain is that reaching such a milestone would lead to a much needed reduction of the
alarming  burden  on  health  care  systems worldwide  that  is  caused  by  the  increasing  amount  of
chronically-ill individuals, many of them with a cardiovascular disease (CVD) [3]. 
Obviously, there is not yet—and perhaps there will never be—a ‘pill’ that prompts individuals to
actively engage—on a daily basis—in the maintenance, monitoring, and management of their own
health. The reality is much more challenging, as performing self-management entails the enactment
of multiple behaviors and a continuous confrontation with barriers and competing interests [4]. For
example, imagine the case of Joe, a stroke survivor who has to follow a rehabilitation program to
prevent future risks to his health and regain his quality of life. For Joe, doing that might require a lot
of physical and cognitive effort (e.g. keeping up with an exercise and medication schedule) and a few
changes  to  his  lifestyle  (e.g.  abandoning  an  unhealthy  habit),  which  might  lead  him  to  feel
overwhelmed and without a ‘sense of control’ over his life.
While not a ‘magical pill’, the use of digital technologies to support health, well-being, and health
care, holds a high promise. Such an approach is better known by the term of electronic health or
eHealth  [5].  Specifically,  technologies  such  as  smartphone  applications  and  internet-enabled
monitoring devices have been proposed as tools that can facilitate and support self-management [6,
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7]. The promise of eHealth is that it could facilitate some tasks and provide personalized information,
feedback, or cues to action. eHealth technologies have in fact already shown positive results in terms
of supporting patients in the management of chronic conditions, including CVDs [6-13].

Realizing the Promise of eHealth Through Value Sensitive Design

Despite their promising results and recognized potential, eHealth technologies that aim to support
self-management have come across multiple challenges. One of the most important obstacles is the
fluctuating motivation of individuals to actually perform self-management [9, 10]. As a result, when
motivation is low, eHealth technology can become an added burden [14]. To overcome that key
barrier, multiple calls have been made to design eHealth in a way that better aligns to the underlying
needs  of  individuals  [6,  7,  10,  15].  One  key  proposal  is  that  eHealth  technologies  should  be
personalized in a way that taps on a more powerful source of motivation: values. To realize this, the
eHealth technology should be designed in a way that strengthen patients’ values and fulfills their
needs.  For instance,  imagine the case of Jane,  who highly values having social  interactions that
motivate her to adhere to a healthy lifestyle. In this case, eHealth could fit well through a design
feature that makes it easier for Jane to interact with peers, friends, or the health care team (e.g. with
an expert-driven online forum).
In fact, the need to meet patient values through technology design has led to the development of
novel methodologies and theoretical approaches. One of these approaches is value sensitive design,
which serves as both a theoretical and a methodological framework that seeks to integrate values into
design work [16]. Value sensitive design ensures that the design of technology can account for values
in  a  principled  and  comprehensive  manner,  through integrative  and  iterative  methodologies  that
include  conceptual,  empirical,  and  technical  investigations  [16].  To  exemplify,  a  conceptual
investigation can focus on the philosophical analysis and specification of value constructs (e.g. the
value of ‘feeling in control’ for a patient like Joe, or the value of ‘feeling supported by others’ for a
patient  like  Jane).  Meanwhile,  technical  investigations  can  take  the  analysis  further  and  design
technologies using the identified values as assessment criteria (e.g. how do wearable technologies
meet the value of ‘feeling control’ and the value of ‘feeling supported by others’?). Finally, empirical
investigations  can  evaluate  the  process  of  a  particular  design  or  context  use  (e.g.  a  formative
evaluation of a technology to assess if and how specific design features contribute to a ‘feeling of
control’ for Joe or help Jane ‘feel supported by others’).

Conceptualizing Values for eHealth Design

In the value sensitive design framework, a value refers to what a person or group of people consider
important in life [16]. In eHealth, this could translate to a life ideal or important interest, related to
health or well-being, that individuals could pursue or meet with the help of technology [15]. With the
aforementioned conceptions in mind, the present paper uses the terms ‘values’ and ‘patient values’,
interchangeably, while other terms such as ‘personal values’ or ‘human values’ are related but not
contextualized  to  health(care).  Moreover,  this  paper  uses  the  term  ‘connection’ to  refer  to  a
potentially positive relationship between technology—or one of its design features—and a patient’s
value, that leads to an increase or maintenance of motivation (e.g. a self-monitoring feature might be
‘connected’ to the value of ‘feeling safe and stable’). In this regard, other terms used in scientific
works talk about how technology or design can ‘contribute’, ‘meet’, ‘support’, or ‘honor’ values.
These verbs are all understood to refer to the same relationship.
As  mentioned  before,  incorporating  values  into  technology  can  entail  multiple  integrative  and
iterative steps. For instance, value specification precedes value sensitive design. Value specification
is the identification of the most important values for stakeholders of eHealth (e.g. end users such as
individuals with a CVD) [17]. Holistic approaches to eHealth development and design, such as the
one promoted by the CeHRes Roadmap [18], stress the importance of identifying the diverse and
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often conflicting values and concerns that different stakeholders have (e.g. what does an individual
value in health and life and thus expects to be helped at through eHealth?). This raises a fundamental
question: What values must be considered to design effective support for the values of individuals
with a CVD? Answers to that can already be found in empirical works. Concretely, a recent interview
study has integrated a list of empirically-validated values of patients suffering from a CVD [Bente et
al., in press]. Then, as a follow-up of that study, the list of values was revised and validated in a
survey with members of a patient association in the Netherlands, constituted by individuals who have
attended or are still attending a cardiac rehabilitation program [Bente et al., submitted]. Therefore,
there is already some empirical evidence about the values of individuals diagnosed with a CVD.

Connecting Values to eHealth Technologies and Design Features

Importantly, the value sensitive design framework also presupposes that a given technology is more
suitable for certain activities and more readily supports certain values, while rending others more
difficult to realize [16]. Therefore, it suggests that it all depends on the ‘features’ or ‘properties’ that
people design into technologies. In the present study, the term of ‘design feature’ is used to define
any clearly identifiable property of a technology that serves a specific function and is proposed to
help achieve an overarching aim. Given such definition, design features could be functional or visual
properties, underlying technical mechanisms, as well as recognizable ‘intervention building blocks’
such as behavior  change techniques [19] and persuasive design strategies [20].  Furthermore,  the
present  study defines  an eHealth technology as  a  (set  of)  technological  instrument(s),  such as a
mobile app, that is specifically developed to support well-being, health or health care [5]. In contrast,
an eHealth intervention is defined as the full package and procedures that describe how a specific
eHealth technology intervenes to support well-being, health or health care [5]. Because developers
and researchers don’t  often make such a distinction,  these two terms were used interchangeably
during the present study, but for the sake of consistency the term ‘technology’ is favored in the
manuscript.
In light of the above, and given the numerous examples that exist of eHealth technologies aiming to
support individuals with a CVD, it is plausible that several values have already been met by their
design features.  However,  to  the best of our knowledge,  the connection between specific  design
features and patient values has not been directly investigated in previous studies. Therefore, it is
necessary  to  advance  the  understanding  about  how technologies  can  best  support  the  values  of
individuals.  This  type  of  knowledge  can  be  uncovered  through  what  the  value  sensitive  design
framework  calls  ‘technical  investigations’,  which  are  studies  that  focus  on  how  existing
technological  properties  and underlying mechanisms support  or hinder  values [16].  This type of
research could also help advance knowledge about what works, for whom, and why in terms of CVD
self-management [21]. And finally, it could also be used to create practical guidelines that can inform
the development and design of future eHealth technologies.
As empirical knowledge about the values of individuals with a CVD already exists, what is needed is
a set of technologies that can be investigated with the aforementioned aim in mind. To that end, the
outcomes of a recent systematic review that identified and analysed multiple eHealth technologies
that support CVD self-management could be used [22, 23]. In that work, technologies were selected
because there was sufficient and substantial information about their objectives and design (i.e. their
design features). Thus, information about the design features of existing eHealth technologies is also
readily available for the purposes of the present investigation.

Aim

The present study seeks to connect a set of empirically-validated values of patients diagnosed with a
CVD, with existing eHealth technologies and their design features. By doing so, the findings of the
study aim to be a foundation for new hypothetical assumptions that contribute to value sensitive

https://preprints.jmir.org/preprint/31985 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Cruz-Martínez et al

eHealth design and that could be validated in future empirical studies.
Content  analysis  is  proposed as  a  suitable  method to  meet  this  aim  because  it  allows  to  make
replicable and valid inferences, from texts or other meaningful matter, to the contexts of their use
[24]. As a scientific tool, content analysis can provide new insights, increase the understanding of
particular phenomena, or inform practical actions [24]. In short, content analysis offers a sound and
verifiable  method that  can  connect  a  key variable  of  interest  (patient  values)  with multiple  and
distinguishable units of analysis (eHealth design features). Following what has been issued above,
this research follows a patient-centered design approach to focus on the main drivers of patients’
needs and concerns: their values. The research question is:  What eHealth design features can be
connected to the values of patients with a CVD?

Method
A content analysis was conducted to meet the aims of the study [24]. The content analysis consisted
of three stages: the preparation, the organization, and the analysis and reporting [25]. The preparation
stage was conducted by the main researcher (RCM) and consisted of collecting and setting up the
data, mainly the selection of units to analyse [25]. The organization stage consisted of deductive
coding, and was performed independently by three researchers (RCM, JW, and BB) [25]. Finally, the
reporting  stage  consisted  on  displaying  the  results  according  to  the  selected  approach  and
categorization scheme [25].

Preparation

In the preparation stage, the units for the analysis were defined and extracted. The units of analysis
were defined as specific design features of existing eHealth technologies that aim to support self-
management  of  patients  with  a  CVD  (using  the  definition  of  ‘design  features’  given  in  the
introduction).  To  create  and  prepare  the  units  to  analyse,  the  data  extracted  about  10  eHealth
technologies during a previous systematic review were revised and expanded [23, 26]. Additionally,
the first author (RCM) searched for newer publications of all technologies through reference tracking
of the included papers.
In this stage, it was important to include both contextual and descriptive information about each unit
of  analysis  (i.e.  a  design  feature).  Descriptive  information  was,  for  instance,  a  clear  textual
description of the design feature (e.g. what it does or intends to do according to the publication) and
a figure or picture of it (when available). On the other hand, contextual information was the name of
the technology or overarching intervention, its main characteristics, its target group, and any specific
objectives. The first author (RCM) integrated a display of all descriptive and contextual information
about the eHealth design features in separate Microsoft PowerPoint slides. For example, the ‘Engage’
mobile application included five design features: ‘Log’, ‘Hint/Facts’, ‘Goal’, ‘Progress report’, and
‘Deck of cards’.
It is important to note that at this stage it was already possible to notice similarities between the
design features of different technologies. For example, the ‘Log’ feature of the ‘Engage’ technology
was similar to the ‘Assessment’ feature of the ‘HeartMapp’ technology in the sense that they both
facilitate  self-reporting  of  symptoms  and  other  self-management  behaviors.  Therefore,  both  the
extracted descriptive and contextual information were necessary to sufficiently understand the design
features, as the labels given by the developers of the technologies are often aesthetic and not fully
reflective of their function. Multimedia Appendix 1 presents a detailed overview of the included
technologies and their design features.

Organization

The organization stage consisted of deductive coding, since a list of empirically-validated values was
available that  could be connected to design features.  The list  of values was therefore used as a
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codebook (see  Table  1).  To prepare the  codebook,  interview data  from the previous  study were
revised and refined [Bente et al., in press]. In preparation for the coding, the list of values was also
translated from Dutch language into English by two of the authors of this study (BB and JW).
Three researchers independently performed the coding of eHealth design features (RCM, BB, and
JW). All coders are experts in eHealth research and development, having overall conducted various
studies focused on eHealth design and evaluation involving multiple stakeholders’ perspectives (e.g.
end users such as patients or expert stakeholders such as health care providers). The researchers first
conducted a pilot of the coding using design features of a technology that was not included in the
systematic review (the Care4myHeart app [27, 28]). Minor adjustments were made to the codebook
based on the resulting discrepancies. Table 1 shows the codebook with the values, including labels
and definitions for each. During coding, each researcher could characterize the connection between a
specific design feature and a patient value as follows: (1) ‘Yes’, if the design feature directly and
clearly accomplishes or contributes to a value; (2) ‘Maybe’, if the design feature accomplishes or
contributes to a value only indirectly, or if the information is unclear; and (3) ‘No’, if the design
feature clearly does not accomplishes or contributes to a value.
In addition to the deductive coding stage, authors of publications related to the included technologies
were invited via e-mail to fill in a self-assessment form that asked about how their technology related
to the list of patient values. The self-assessment form posed two questions. First: Do you consider
that your intervention accomplishes or contributes to any of the patient values listed in the table
below? And second: When applicable, can you specify which feature or part of the intervention you
consider seeks to accomplish or contribute to the corresponding patient value? In this way, it was
expected that authors could link their intervention, and one or multiple design features, to one of the
values of the codebook. Multimedia Appendix 2 presents the self-assessment form that authors were
invited to fill in. During the coding stage, the research team was blinded to any self-assessment sent
by the researchers or developers of technology.

Analysis and Reporting

To analyse the results, simple agreements (percent agreements) and the inter-rater reliability resulting
from  the  deductive  coding  were  calculated.  Krippendorff’s  alpha  (KALPHA)  was  used  as  the
measure of inter-rater reliability  because,  among other  things,  it  takes into account  the expected
disagreement and not only the observed disagreement [24, 29]. Values of KALPHA range from 0 to
1, where 0 is perfect disagreement and 1 is perfect agreement, an alpha of 0.80 is usually ideal and a
minimum level of acceptance is typically 0.60.
If  available,  the  completed  self-assessments  received  from  researchers  and  developers  of
technologies  were  incorporated  in  the  analysis. This  was  done by considering  their  input  as  an
indication that a technology or specific design feature was connected to one of the patient values.
Due  to  the  various  forms  of  input  that  could  suggest  a  potential  value-feature  connection  (e.g.
agreement during deductive coding with or without indication by the developers of technologies), it
was decided to predetermine different levels of confidence about each potential connection. To that
end, three levels were determined ad hoc to integrate the results. First, level ‘A’ meant that there was
clear indication that the design feature could accomplish or contribute to a value by means of the
deductive coding (e.g. there was full agreement during the coding stage). Next, level ‘B’ meant that
there was partial or unclear indication that the design feature could accomplish or contribute to a
value (e.g. there was only partial agreement during coding but the technology’s developers submitted
arguments in favor of the connection). Finally, level ‘C’ meant that there was no indication that a
design feature could accomplish or contribute to a value (e.g. no agreements on a connection and no
arguments  submitted  by developers). The inferred  connections  reported  in  the  present  paper  are
therefore those found within the first two levels.
To report the results, the connections were first summarized at the level of the technology. This first
summary is reported because it is important to understand—and later to discuss—the surrounding
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context of the design features, which could have a relation to their potential connections with patient
values (e.g. the intended goals of the technology that led design choices). Next, the design features
that were connected to values were grouped up according to their objectives and functionalities (e.g.
grouping up different design features that relate to ‘self-monitoring’ support, as with the previously
mentioned ‘Log’ and ‘Assessment’ design features). By grouping specific design features according
to their common characteristics it was easier to identify potential differences in their design and their
potential connections to values. For example, two different self-monitoring support design features
could still be distinctly enough that one could potentially contribute directly and clearly to a value
while another one does so indirectly. This meant that some types of design features could entail both
direct and indirect pathways towards a value. When relevant, some outstanding design features were
textually described (e.g. features that contributed to largely unaddressed values).
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Table 1. Codebook with list of patient values and their definitions (for more details on the identification of these values
see Bente et al., submitted).

# Value label Value definition
1 To have confidence and self-efficacy

in  treatment  and  ability  to  achieve
goals a 

Having  confidence  in  the  doctors  and  the
treatment  they  prescribe,  or  having the  feeling
that  patients  are  capable  of  following  the
treatment plan or have the ability to achieve their
goals.

2 To be seen as a person rather than a
patient

Not constantly feeling that they are a patient with
a disease, but also still being able to be a human
without their illness.

3 To  not  feel  fear,  anxiousness,  or
insecurity about their health

Not  having  to  worry  about  their  physical
condition,  being  provided  coping  strategies  or
information  that  helps  them  feel  safe  or  less
anxious.

4 To  preserve  a  sense  of  autonomy
over their life

Having a feeling of being in control of their life
(e.g. being able to make their own decisions).

5 To receive social support Feeling heard, supported and understood by the
people  that  surround  them  (e.g.  family  and
friends)  and  having  the  feeling  that  they  have
somewhere, someone to go to when they need a
sympathetic  ear  (e.g.  via  a  virtual  coach  or  a
chat).

6 To  have  or  maintain  a  healthy
lifestyle

Maintaining or changing their lifestyle in such a
way that new incidents are prevented and they
(re)gain health.

7 To  have  an  overview  of  personal
health datab 

Having a central source where they have insight
into their personal health data or condition (e.g.
measured  values  or  any  insights  into  physical
and mental wellbeing and health).

8 To perceive low thresholds to access
health care

Being helped or treated quickly and easily, at a
health  care  organization  or  at  home.  Being
facilitated to manage their own disease and take
action.

9 To  be  extrinsically  motivated  to
accomplish  goals  or  activities
(related to health/lifestyle)c

Being  extrinsically  motivated  to  do  or
accomplish  things,  such  as  their  treatment  or
activities for a  healthy lifestyle (e.g.  via social
pressure).

10 To  have  reliable  information  and
advice

Having understandable, relevant information and
advice  that  is  scientifically  proven  and
recommended by the clinical team (i.e. evidence-
based information).

11 To receive personalized cared Receiving  a  personal  approach  in  which  their
opinion and preferences are taken into account
(e.g.  personalization  or  tailoring  of  treatment
choices or features).

a During coding this value was labeled as ‘To have confidence in your treatment/therapy or
the ability to achieve your goals’, the term ‘self-efficacy’ was added later for clarity.
b During coding this value was labeled ‘To have an overview of information’, the concept of
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‘personal health data’ was used later for clarity.
c During coding this value was labeled as ‘To have “a big stick” to accomplish goals or
activities  (related  to  health/lifestyle)’,  which  reflects  on  a  common expression  in  Dutch
language. The label was revised after coding for clarity.
d During coding this value was labeled as ‘To have patient-centered care’. The label was
revised after coding to use more specific wording (i.e. patient-centered is a broader concept).
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Results

Deductive Coding

In total, 70 design features from 10 different CVD eHealth technologies were used for the
content analysis (see Multimedia Appendix 1 for the full overview). To recall, each design
feature  was  coded  according  to  its  potential  connection  to  11  different  values  (as  ‘Yes’,
‘Maybe’, or ‘No’). Table 2 presents a summary of the percent agreements that resulted from
the independent deductive coding of design features performed by three researchers (RCM,
JW, and BB). As can be observed in Table 2, forty-one direct and clear connections between
design features and patient values were identified in this way (i.e. the ones with full agreement
on ‘Yes’). In addition, 4 pairings were characterized as indirect or unclear (i.e. the ones with
full agreement on ‘Maybe’).
Table 2. Summary of percent agreements from deductive coding of design features.

 N Percen
t

Data
Units of analysis (i.e. design features) 70
Coding categories (i.e. patient values) 11
Possible connections (i.e. between a design feature and a patient
value)

77
0

100%

Results
Connections with full agreements (i.e. three out of three) 50

2
65.19
%

Yes 41
Maybe 4

No
45
7

Connections with partial agreements (i.e. two out of three) 20
9

27.14
%

Yes 48
Maybe 10

No
15
1

Null agreement (i.e. zero out of three) 59 7.66%
The KALPHA coefficient for all  data  was 0.4536 (95% CI 0.4087-0.4978),  which is  low
(>0.667 is  typically  the  minimum acceptable).  KALPHA was  computed  using  an  ordinal
measurement level which treated the potential connection of a design feature to a patient value
as increasing from ‘No’ (0), to ‘Maybe’ (1), and ‘Yes’ (2).
At  the  start,  as  can  be  seen  in  Table  2,  44  connections  (41  ‘Yes’ and  4  ‘Maybe’)  were
identified through deductive coding. However, after integrating the input of researchers and
designers  of  the  reviewed  technologies,  the  inferred  connections  between  eHealth  design
features and patients values increased up to a total of 98 connections. Forty-five individuals
were invited to complete the form and, in total,  six individuals returned it  (six more also
responded but redirected the request to a co-author who ultimately responded). Each form
received  related  to  a  different  technology,  therefore,  input  was  received  for  6  of  the  10
reviewed technologies: Engage [30], HeartMapp [31-33], HOME BP [34-38], PATHway [39,
40], SMART-PSMS [41-46], and SUPPORT-HF [47-50]. For the remaining technologies the
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authors either declined the invitation or did not respond after several reminders: MedFit [51-
53], MyHeart [54-56], SMASH [57-62], and Baek et al.’s Mock-Up [63].

Contributions of Existing eHealth Technologies to Patient Values

The design features reviewed by the study were not created in isolation. Their surrounding
context was an overarching eHealth technology or intervention with specific goals that led
design choices. Because such context is important, it is also relevant—although not the focus
of the study—to report the identified connections between eHealth technologies and patient
values.  Based on the 98 connections,  it  can be noted that some of the values seem to be
addressed by a majority of the 10 eHealth technologies that were analysed. For instance, all of
the technologies  were connected to  the patient  value of ‘having or  maintaining a  healthy
lifestyle’. Similarly, the following values were connected to 8 different technologies: ‘having
an  overview  of  personal  health  data’,  ‘having  reliable  information  and  advice’,  ‘being
extrinsically motivated’, and ‘receiving personalized care’. Less frequently, the ‘perceiving
low thresholds to access health care’ value were connected to 6 different technologies. 
In  contrast,  other  values  were  only  connected  to  a  minority  of  the  reviewed  eHealth
technologies. For instance, only 3 out of 10 technologies were connected to the patient value
of  ‘receiving  social  support’:  PATHway  [40],  MedFit  [51-53],  and  HOME  BP  [34-38].
Likewise, only  3 different technologies were connected to the patient value of ‘not feeling
fear,  anxiousness  or  insecurity  about  health’:  SMASH  [57,  61],  HOME BP  [34-38],  and
SUPPORT-HF  [47,  49].  Only 2  technologies  were  connected  to  the  patient  value  of
‘preserving a sense of autonomy’: Engage [30] and the SMART PSMS [43, 44]. Lastly, only
the  ‘On-screen  positive  reinforcement’ design  feature  of  the  PATHway  technology  was
connected to the patient value of ‘having confidence and self-efficacy in the treatment and the
ability to achieve goals’ [39, 40]. And finally, only the ‘Culturally-attuned motivational and
reinforcement SMS messages’ design feature of the SMASH technology was connected to the
patient value of ‘being seen as a person rather than a patient’ [58, 61]. 

Contributions of eHealth Design Features to Patient Values

The eHealth design features that were reviewed could be grouped according to their similar
objectives and functionalities (i.e. what they aim to do and how they try to do it; see Textbox
1). In total, there were 13 distinguishable ‘types’ of design features: educational support, self-
monitoring support, behavioral assessment support, behavioral planning support, behavioral
performance support,  feedback on monitored data,  feedback during behavior performance,
motivational  incentives,  prompts  or  cues,  reminders,  peer-based  support,  expert-based
support,  and  the  personalization  of  the  system’s  design  features.  Textbox  1  presents
descriptions and examples of the types of eHealth design features that were reviewed.
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Textbox 1. Types of design features of eHealth technologies that support self-management of CVD.

 Educational  support:  Features  that  enable  the  patients  to  access  educational
materials  on  various  topics  (e.g.  the  ‘HF  info’  feature  of  HeartMapp  [31-33]).
Educational information could be presented with text, audio, or videos.

 Self-monitoring support: Features that facilitate the patient’s monitoring of various
types  of  data  (e.g.  the  ‘Log’  feature  of  Engage  [30]’).  For  instance,  monitoring
symptoms, weight, or self-management behaviors.

 Behavioral planning support: Features that facilitate selection and action-planning
of  health  maintenance  behaviors  (e.g.  the  ‘Goal’  feature  of  Engage  [30]).  For
instance, to decide when and how to exercise based on long term goals that were
either self-set or agreed upon with health care providers.

 Behavioral performance support: Features that provide information, guidance, or
support  for  the  actual  performance  of  health  maintenance  behaviors  (e.g.  the
‘Exercise’  feature of  MedFit  [51-53]).  For  instance,  an animated deep breathing
practice  or  a  list  of  guided exercise  classes.  The  features  can  include  real-time
feedback or self-evaluation options (e.g. rating performance or intensity).

 Behavioral  assessment  support:  Features  that  assess  a  patient’s  readiness  to
change a selected behavior (e.g.  PATHway’s ‘Behavioral  change assessment’ and
‘Good habits visualization’ [40]). They can lead to a visual display of risk factors or
recommended priorities for behavior change.

 Feedback  on  monitored  data: Features  that  present  graphs,  charts,  or  written
reports of a patient’s data over time (e.g. ‘Statistics / Stats’ feature of HeartMapp
[31-33]). The data can be about symptoms, behaviors, or the progress towards a
desired performance.

 Feedback during behavior performance: Features that provide real-time feedback
during  the  performance  of  health  maintenance  behaviors  (e.g.  the  ‘On-screen
positive reinforcement’ feature of PATHway [39, 40]). For instance, to incentivize
the correct execution of physical rehabilitation exercises.

 Motivational  incentives: Features  that  incentivize  the  engagement  with  the
technology  by  using  metaphors  such  as  ‘missions’,  ‘medals’,  or  ‘cards’  (e.g.  the
‘Deck of cards’ feature of Engage  [30]). They can be personalized according to a
prescribed treatment, self-set goals, or automatic analyses of data collected.

 Cues:  Features that provide prompts or cue to actions (e.g. the ‘Behavior change
notifications’ feature of PATHway [40]). They are directed to specific behaviors and
can be personalized or not to a patient’s preferences.

 Reminders: Features that provide reminders to facilitate adherence to medication
(e.g. the ‘Medication tray reminder signals’ of SMASH  [59-61]). They can include
the demand of an action or a request for additional input such as a reason for not
conducting the behavior (e.g. report the intake of medication as prescribed or a
reason for skipping it).

 Peer-based human support: Features that facilitate interaction with peers (e.g. the
‘Multiplayer class’ feature of PATHway [40]). For instance, through online platforms
that  allow  data  comparison  between  individuals  or  make  it  possible  to  plan
activities with others.

 Expert-based  human  support:  Features  that  focus  on  the  interaction  or
involvement of health care providers (e.g. the ‘Contact’ feature of SUPPORT HF [47-
49]). They can include a communication channel with an expert or support team,
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and be linked to a clinical team module or a back-end alarm system that prompts
interaction.

 System personalization features: Features that aim to (de-)activate the system’s
modules  based  on  individual  needs  (e.g.  the  ‘Remote  system  refinements  and
features activation’ feature of SUPPORT-HF [48, 49]). Personalization can occur at
the initial introduction of the technology, or as a response to the evolving situation
of the individual.

The results  of the content  analysis  revealed that  different  (types of)  design features  from
existing eHealth technologies could already be connected to  values of patients with a CVD.
Table 3 presents an overview of  how the different  types of eHealth design features  were
connected, by both the agreement of independent coders and the indications of the developers
and researchers of technologies, to one or more patient values. The table summarizes the cases
where at  least one specific design feature was connected to a value, and marks whether that
connection was inferred to be direct () or indirect (). Moreover, Table 3 also shows that, in
some cases, design features within the same category could have different connections (*, i.e.
one direct and another indirect).

As can be seen in Table 3, five out of the 11 patient values were extensively connected to
multiple design features with distinct characteristics and objectives. An apparent exception is
the ‘to have reliable information and advice’ value which was connected to 3 types of design
features  (educational  support,  self-monitoring  support,  and  feedback  on  monitored  data).
However, even in that case the total amount of specific design features was relatively high (13
in total). To be concrete, Table 3 shows that the value ‘to have or maintain a healthy lifestyle’
was connected to the highest number of design features, 30 out of the 70 that were analysed.
Next in order was the value ‘to have an overview of personal health data’ with 15 connected
design  features.  Similarly,  the  value  ‘to  have  reliable  information  and  advice’  has  13
connected design features. The value ‘to be extrinsically motivated to accomplish goals or
activities’ has 11 connected design features. Finally, the value ‘to receive personalized care’
also has 11 connected design features.

In contrast, Table 3 shows that for the remaining 6 patient values the amount of connected
design features were fewer,  and also varied less in their  functionalities  or  objectives.  For
instance, the value ‘to perceive low thresholds to access health care’ has 6 connected design
features. Next to that, the value ‘to receive social support’ has 4 connected design features.
The values ‘to preserve a sense of autonomy’ and ‘to not feel fear, anxiousness or insecurity
about health’ have each only 3 connected design features. And finally, the remaining 2 patient
values  have  each  only  a  single  connected  design  feature.  These  two largely  unaddressed
values are ‘to have confidence and self-efficacy in treatment and the ability to achieve goals’
and ‘to be seen as a person rather than a patient.’
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Table 3. Overview of the types of eHealth design features that were connected to values of patients with a CVD.

Patient valuesa

Types  of  eHealth
design featuresb

BSH PHD I&A EM PC LT SS SA NF CT BSP

Educational
support

* (3) (9) (1) *
(2)

Self-monitoring
support

*(6) *(2) (3) 

(1)


(1)

Behavioral
planning support

(4) 

(1)
*(4) 

(2)

Behavioral
performance
support

(5) (1)

Behavioral
assessment
support



(1)
(1)

Feedback  on
monitored data

* (3) (8) (1)

Feedback  during
behavior
performance

(2) (3) (1)

Motivational
incentives



(4)
(1) * (3) (1) (1)

Cues (4) (1)
Reminders * (2) (2) (1)
Human  peer-
based support

(1) (3)

Human  expert-
based support

*
(5)

(1) 

(1)

System
personalization

* (2)

a Symbols:  = direct contribution;  = indirect contribution; *= found as both direct and
indirect.
b  Abbreviations: BSH=To have or maintain a healthy lifestyle; PHD=To have an overview
of  personal  health  data;  I&A=To  have  reliable  information  and  advice;  EM= To  be
extrinsically motivated to accomplish goals or activities (related to health/lifestyle); PC=To
receive personalized cared; LT=To perceive low thresholds to access health care; SS=To
receive social support; SA=To preserve a sense of autonomy over their life; NF=To not feel
fear, anxiousness or insecurity about their health; CT=To have confidence and self-efficacy
in treatment and the ability to achieve goals; BSP=To be seen as a person rather than a
patient.
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Discussion

Principal Findings

The present study sought an answer to the research question:  What eHealth design features
can be connected  to  the  values  of  patients  a  CVD? Seeking answer  to  this  question,  the
present study sought to connect a set of empirically-validated values of patients diagnosed
with a CVD, with existing eHealth technologies and design features that aim to support this
population. To that end, 70 design features from 10 eHealth technologies were analysed and
connected to 11 empirically-validated values of importance for patients with a CVD. In total,
98 connections—both direct and indirect—were inferred between the design features and the
values included in the analysis. On the one hand, some design features were connected to
multiple values. On the other hand, some values were less frequently connected than others,
with a couple of them remaining largely unaddressed.
Principally, the results of the study show that design features of existing eHealth technologies
could  already  be  connected  to  values  of  individuals  who  are  diagnosed  with  a  CVD.
Moreover, the findings also add up to the general literature about value sensitive design for
chronically-ill  populations  and  self-management  eHealth  solutions.  Finally,  although  the
connections  between  design  features  and  values  inferred  by  the  present  study  are  still
hypothetical,  the  knowledge  generated  can  be  used  to  suggest  new  approaches  towards
personalized and tailored eHealth. For example, the use of ‘motivational incentives’ appears
to be the only design feature, of those reviewed, that can contribute to the largely unaddressed
value of ‘being seen as a person rather than a patient’—but how strong is this connection or
what  other  ways  to  meet  this  value  could  there  be?  To  elaborate  on  the  findings,  the
implications of the 98 inferred contributions are discussed in the following sections.

Inferred Connections Between eHealth Design Features and Patient
Values

As mentioned above, the findings show that design features of existing eHealth technologies
could already be connected to values of individuals living with a CVD. In this regard, the
connections between design features and patient values could be inferred even when most of
the reviewed technologies did not explicitly follow a value sensitive approach. However, the
matchmaking was possible because these technologies were described with sufficient detail in
scientific publications (e.g. providing information about their design features, development
approaches, and overarching aims) [26]. Notably, the results show that some values, of at least
those included in the present study, have been given more or less attention than others. Given
the importance of patient-centeredness for both medicine and eHealth [64], this potential gap
highlights the need for value sensitive design in eHealth solutions. The next step towards
value sensitive eHealth is to define the design features of existing technologies that, at least
according to researchers and developers of eHealth, might be capable of honoring values of
individuals within the target group.

Moving Forward with Value Sensitive eHealth Design

Novel methodologies and frameworks

Future studies can seek to validate the connections made by the present study in empirical
studies involving end users of eHealth (e.g. CVD patients). In this regard, novel theoretical
and methodological frameworks that center on patient values, such as value sensitive design,
could be used to interpret the findings and translate them into practical design guidelines [16].
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Value  sensitive  design  is  acknowledged  as  a  formative  framework  that  could  sensitize
researchers and developers of eHealth to value-centered work, seeking to translate theory to
practice (e.g. from design hypotheses to actual prototypes and technologies), and the other
way  around  (e.g.  analyses  of  existing  technologies  to  identify  their  contributions)  [65].
However, what is also needed are methodologies that can test the differences between distinct
design  features  in  actual  effectiveness  trials.  In  that  sense,  methodologies  such  as  the
Multiphase Optimization Strategy (MOST) can be most suitable [66]. MOST’s fundamental
idea is that interventions should be optimized to meet specific criteria before conducting a
large scale randomize control trial [66]. Given the motivational aim of value sensitive design,
eHealth technologies could be optimized based on self-management engagement criteria (e.g.
to identify what design features are optimal for patient with low self-management adherence
or skill).

Theoretical and formative research

Future work should also explore the relation between the empirically-validated patient values
used in the present study with other conceptualizations of values, or the values identified in
other populations. For instance, in recent years numerous studies have explored in-depth the
values  of  individuals  with  multiple  chronic  conditions  [67-70].  Likewise,  there  are  also
frameworks that conceptualize the existence of broader, universal human values, such as the
theory of basic human values [71]. In this regard, design activities could focus on prototyping
‘value sensitive eHealth design features’ based on the feature-value connections and examples
identified by the present study.
Clearly  described  and  distinguishable  prototypes  of  eHealth  design  features  could  also
englobe features that, as noted by the present study, share similar objectives or functionalities
[26] (i.e. what they aim to do or how they try to do it). For example, the ‘Information and
advice’ design  feature  of  the  SMART PSMS is  labeled  as  an  educational  support  design
feature  because  it  explicitly  ‘aims  to  increase  [the]  awareness’  of  patients  about  the
consequences  of  their  own  disease  [41].  Comparably,  the  ‘Education  about  medication
titration’ design feature is also labeled as an educational support design feature because it
aims to increase awareness about the benefit of titrating medications [34]. Therefore, it could
be argued that the two design features share a similar main objective (i.e. to educate patients),
even though the specificity of it or their actual functionalities differ (e.g. the first one uses
quizzes to test knowledge, while the second one focuses on presenting motivating, evidence-
based information). Certainly, design work is context-specific, and so the operationalization of
design features  for  similar  objectives  might  never  be  exactly  the  same.  However,  for  the
example  above,  what  the  present  study suggests  is  that  the  ‘Education  about  medication
titration’ design feature is one of only three that were connected to the patient value of ‘not
feeling  fear,  anxiety,  or  insecurity  about  one’s  health’.  If  validated  in  future  studies,  this
connection could serve as an example and a guideline for value sensitive design of eHealth.
The research team that conducted the present study will move on to create prototypes of value
sensitive eHealth design features that reflect on the identified connections. The prototypes are
intended to serve as examples of how theory, expert-based knowledge,  and value sensitive
design  can  converge  in  the  process  of  holistic  development  of  eHealth  technologies  to
effectively support the self-management of individuals with a CVD. The aim is to provide
practical  guidelines  that  researchers  and designers  can  follow to  develop holistic,  theory-
based, and cross-cultural eHealth interventions to support patients living a CVD [72]. In that
regard, what will follow the present study will  be the validation of the prototypical value
sensitive eHealth design features with various stakeholders, including end users. In short, to
prove that eHealth can be more effective in supporting the self-care of patients when it is
theory-based, value-sensitive and developed with a holistic approach.
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Towards patient-centered eHealth

At the broadest level, the present study undertook a patient-centered approach. This approach
primes the  patients’ values,  desires,  expectations,  life  goals,  and experiences  [73].  In  this
regard,  there  is  a  vision  for  a  futuristic  medicine  that  is  ‘personalized’,  ‘predictive’,
‘preventive’, ‘participatory’ [74], ‘psycho-cognitive’ [75], and ‘public’ [76], often referred to
as the P6 medicine movement. Such a movement endorses the view that patients must become
proactive  and  capable  participants  in  the  decisions  that  concern  their  own  care  [73].
Interestingly,  the  P6 medicine  movement  agrees  with  the  great  promise  of  technology  to
reduce the burden of chronic diseases, through its potential to continually engage individuals
in preventive medicine and healthy lifestyles [77,  78].  Therefore,  this  paradigm envisions
eHealth  as  one  of  the  means  through  which  patient-centered  medicine  can  be  achieved.
Specifically,  that  personalized  and  psycho-cognitive  technology  can  leverage  on  the  core
motivations of individuals: their values. The present study is believed to add up insights that
could help overcome those challenges: how can the P6 medicine vision be realized? And in
this context, how can the design of eHealth technologies best tap on the motivational power of
patient values?

Strengths and Limitations

The hypothetical connections identified by the present study can be debated from multiple
perspectives.  For  instance,  there  are  a  number  of  caveats  which  concern  the  clarity  and
reliability of the inferred connections. To recall, the connections are the result of combining a
content analysis performed by the authors of the present study, with the input received from
researchers and designers of 6 out of the 10 reviewed technologies. On the one hand, the
deductive coding of the content analysis shows that all three raters agreed most of the time
(65.19%, see Table  2).  Additionally,  one third  of  the time two out  of  three  raters  agreed
(27.14%) and for 7.66% of the total pairings there was no agreement at all. On the other hand,
the fact is that the KALPHA coefficient for all data was low (0.4536; 95% CI 0.4087-0.4978).
However,  it  must be considered that KALPHA is a strict  coefficient that accounts for the
expected  disagreement  and  not  only  the  observed  disagreement  [24,  29].  Therefore,  the
measure punishes when agreements were not achieved by the challenging, interpretative task
of  linking  design  features—which  were  described  as  best  as  possible  with  the  available
information—and a set of values—which are also by definition subjective. Despite the above,
the hypothetical connections brought forward by the study must also be valued in light of the
aims  of  the  study.  Namely,  that  it  was  not  the  objective  to  immediately  agree  on  a
characterization of values and their potential contributions. In fact, the reliability and lack of
agreement were deemed relatively negligible given that the next objective of the project is to
validate  the  presumed  connections  with  individuals  in  the  target  group.  Thus,  the  most
obvious limitation that  the study confronts  is  that  all  inferences are  still  hypothetical  and
expert-based.  In  other  words,  the  connections  between  design  features  and  values  must
continue to be tested, refined, and generalized.

Conclusions

The  present  study  identified  98  connections  between  design  features  of  existing  eHealth
technologies  and a  set  of  empirically-validated  values  of  individuals  living  with  a  CVD.
While existing eHealth technologies were already found to have design features that could
align well with patient values, some of the values were not frequently addressed. These results
shed light on the importance of value sensitive design for future eHealth technologies. By and
large, what this study adds are explicit and specific design hypotheses for future study that
still require validation but, nevertheless, promise to advance the uptake and effectiveness of
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eHealth self-management support for individuals with a CVD.
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